Introduction {#sec1-1}
============

With a predicted 40% of case fatality aneurysmal subarachnoid hemorrhage (aSAH) is the most feared stroke event among clinicians. Affecting younger adults and individuals in their prime, the individual disability burden and consequential social impact is devastating. The severity of outcome, herein referred to as outcome, includes both functional and cognitive losses resulting in a loss of productive years for individuals that were previously healthy and active.\[[@ref1][@ref2]\] Classified as a hemorrhagic stroke and defined as extravasation of blood into the subarachnoid space following the rupture of a cerebral aneurysm, aSAH account for 5--10% of strokes.\[[@ref3]\] Despite shared risk with ischemic events aSAH are disengaged from general stroke epidemiological and clinics studies.\[[@ref4]\] This disengagement has resulted in less knowledge about predictors of incidence and outcome of aSAH, particularly in terms of rurality and any associated social determinants of health.

Low socioeconomic rural cohorts have a consistent pattern of both a higher incidence and increased mortality following vascular and cerebrovascular events.\[[@ref5][@ref6]\] Differential health outcomes and increased mortality rates are suggested to be associated with a range of influences including lower socioeconomic status, impaired access to care, and poorer rural risk factor profiles.\[[@ref7]\] As a cerebrovascular event aSAH has been extensively linked to a number of modifiable risk factors including smoking and excessive alcohol consumption\[[@ref8][@ref9]\] as well as increased risk-taking and the higher prevalence of modifiable risk factors.\[[@ref10][@ref11]\] There has been a limited analysis of the complex phenomenon that is the cumulative impact and multiplicity of risk factors associated with rurality and outcome following an aSAH.

Current recommendations propose that ruptured aneurysms are secured as early as feasible to reduce the risk of secondary complications and increased mortality.\[[@ref12]\] At a system level, timely treatment is likely to be difficult to achieve for individuals residing in rural areas who through factors of distance alone are likely to face a number of delays. The impact of remoteness is more than the linear distance to services.\[[@ref13][@ref14]\] While topography and transportation are important considerations, the cumulative impact of timely presentation, diagnosis, treatment, and inter-hospital transfers must be assessed. The proposed conceptual framework encapsulates how rurality exacerbates regional disparities associated with geographical location and access to health care.

Linking rurality, with a wider range of health status measures including individual risk factors, is vital to understanding the true impact of rurality on health outcomes.\[[@ref14]\] The previous research relating to aSAH has focused on the analysis of clinical variables, limiting our understanding of the potential social determinants of this disease. This review challenges this concept by proposing structural equation modeling (SEM) as a methodology to identify the direct and indirect hypothesized relationships while acknowledging mediating effects.

As a statistical method, SEM adopts a hypothesis testing approach enabling the multivariate analysis of identified covariates,\[[@ref15]\] and the proposed predictors of outcome including socioeconomic characteristics, modifiable risk factors, and timely treatment. Given, the complexity of rurality and the impact on health outcomes, SEM is proposed as a methodology for the multivariate analysis of proposed relationships and interrelationships of predictors and covariates set within a structural theory that is both rationalized and based on previous empirical findings.\[[@ref16][@ref17]\] This knowledge is then transferred to a conceptual framework that is presented pictorially identifying proposed relationships and interrelationships among proposed predictors.\[[@ref18]\] This review develops and presents a conceptual framework of rural vulnerability, based on the substantial theory this framework will form the empirical basis of the SEM.

Methods {#sec1-2}
=======

This literature review has been undertaken as part of a large retrospective study explores the interplay of predictors influencing outcome following an aSAH for individuals residing outside metropolitan areas. While a number of definitions in the literature reflect rurality, this study acknowledges geographical classification in terms of environmental parameters and remoteness from population centers as reflecting rurality.

An initial search was conducted utilizing MEDLINE, PubMed, Proquest, and CINAHL electronic databases. The databases were searched utilizing a number and combination of terms including "subarachnoid hemorrhage, rurality, urban, rural, time to treatment, outcomes, risk factors, socioeconomic, and inter-hospital transfer." Boolean operators were included to encompass a number of possible combinations of the search terms. Titles and abstracts were initially screened with 504 articles initially identified. Full-text copies of 242 articles were further reviewed with 72 articles that included subarachnoid hemorrhage and one or more of the search terms included in the final selection. Of the 72 articles, 15 were linked to individual and modifiable risk factors, 12 to system-level factors, 8 articles to socioeconomic factors, and only 3 articles specifically looked at aSAH and rural/urban considerations.

Articles were then individually assessed in terms of relevance on the basis of the title, keywords, and abstract. To ensure saturation, the reference lists were also searched to identify the additional publications. Earlier seminal works (pre 2000) were reviewed and included as required, and all articles were evaluated according to the following criteria:

The article was in English, with a full text available and was either peer reviewed or published as reputable gray literatureThe article included some reference to health outcomes associated with rurality and/or factors associated with rurality that has been identified as potentially influencing outcome following an aSAH.

Analysis {#sec2-1}
--------

From an initial broad search, a number of individual factors were identified within each of the proposed predictors. The identified individual factors have all been reviewed in varying combinations within the literature in relation to the prevalence of vascular and cerebrovascular events. What is absent from the literature is how these individual factors impact on outcome following an event. That is, are there common or distinct factors that influence both prevalence and outcome? Due to the dearth of literature pertaining to the influence of rurality on outcome following an aSAH, relevant representative evidenced-based literature was reviewed noting parallels with ischemic stroke and acute myocardial infarction in terms of the impact of rurality on health outcomes. A conceptual framework including identified individual factors of outcome is shown in [Figure 1](#F1){ref-type="fig"}. The framework is presented as a path diagram to enable a clearer conceptualization of the underlying theory that rurality does impact on outcome.

![Conceptual framework](JNRP-7-559-g001){#F1}
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Results {#sec1-3}
=======

Socioeconomic status {#sec2-3}
--------------------

Poor prognosis and increased mortality rates following aSAH are associated with low socioeconomic status.\[[@ref19][@ref20]\] Socioeconomic factors have been consistently identified as predictors of both the prevalence and outcome of cerebrovascular events.\[[@ref6][@ref21]\] Socioeconomic variations are associated with shifting demographics, aging populations, and an increased prevalence of vascular risk factors,\[[@ref22]\] with Heeley *et al*.\[[@ref23]\] reporting an increased risk ratio of 1.70 within low socioeconomic areas. Despite considerable geographical and social diversity within rural areas, aggregate level socioeconomic disproportions have been well-described with rural populations predominantly characterized by a low socioeconomic status.\[[@ref24][@ref25][@ref26][@ref27]\] The presented model identifies socioeconomic status as potentially increasing the probability of a poor outcome following an aSAH.

Proposed explanations for health outcome differences associated with socioeconomic status include both health literacy and financial security.\[[@ref10][@ref26]\] Within rural and regional settings, health literacy is proposed as a significant barrier to symptom recognition and early presentation to emergency care.\[[@ref28]\] Individuals fail to seek medical attention following a stroke due to both a lack of awareness of symptoms and failure to understand the significance of symptoms.\[[@ref29]\] While higher income and socioeconomic status is correlated with improved stroke knowledge, prehospital delays following an aSAH have not been studied in detail.\[[@ref30]\]

Income and employment have been associated with outcome in a number of stroke studies with both unemployment and low income identified as predictors of mortality.\[[@ref21][@ref31]\] When specifically looking at aSAH, Jaja *et al*.\[[@ref32]\] further identified a significant inpatient mortality risk following an aSAH for those with low compared to higher socioeconomic status. However, this study, like many others, utilized median income at a postcode level as indicative of socioeconomic status. Despite evidence supporting the correlation of socioeconomic status and outcome, the factors mediating or interrelating with this effect to a large extent are unknown\[[@ref33]\] because broad population-based registries may not adequately represent individual socioeconomic status. This warrants the analysis of socioeconomic status by identifying the individual factors of health literacy measures (such as presentation time and symptom awareness) as well as financial security (mainly reported health insurance status as well as the indicators of health literacy and financial security utilizing the socioeconomic indexes for areas).

Modifiable health risk factors {#sec2-4}
------------------------------

Modifiable risk factors and an underlying risk-taking culture are associated with a number of negative health outcomes.\[[@ref26][@ref34]\] Smoking and hypertension are two of the leading causes of diseases burden in Australia.\[[@ref7]\] Consideration of both risk factors and risk-taking is imperative when considering rural disparities in health outcomes.\[[@ref10][@ref11]\] A higher prevalence of modifiable risk factors in rural areas may in part explain the poor health outcomes following vascular and cerebrovascular events, including aSAH.\[[@ref23][@ref26][@ref35]\] This contributes to what Thorogood *et al*.\[[@ref36]\] described as an epidemic of vascular disease in rural areas. The proposed explanations of aSAH outcome related to modifiable risk factors include smoking status, hypertension, and patterns of alcohol consumption.\[[@ref37][@ref38][@ref39][@ref40]\]

Hypertension is identified as the most important and common modifiable factor associated with cerebrovascular events including aSAH.\[[@ref7][@ref29][@ref41]\] Hypertension is an independent risk factor for both the severity of the initial hemorrhage and post aSAH complications.\[[@ref42][@ref43][@ref44]\] Hypertension is purported as being more common in rural areas with an estimated one-third of individuals residing in rural areas hypertensive. McLaughlin *et al*.\[[@ref45]\] identify that among women, there is a higher morbidity related to hypertension for women residing in outer and inner regional areas mainly due to modifiable risk factors. Janus *et al*.\[[@ref46]\] further note that suboptimal detection and treatment of hypertension within rural areas are of particular concern given the increased rates of cerebrovascular disease in rural areas.

Current smoking status is identified as the most significant risk factor for a fatal aSAH.\[[@ref41]\] Within rural and regional areas smoking has been linked to a number of poor health outcomes with Eberhardt and Pamuk\[[@ref26]\] predicting that future health disparities will be portended by a higher prevalence of smoking within rural areas. Smoking is a risk factor for both aneurysm formation and severity of outcome,\[[@ref47][@ref48]\] with smoking linked to increased complications including vasospasm, delayed cerebral infarction as well as increased mortality.\[[@ref49][@ref50]\]

Alcohol is identified to have a distinct dose relationship with aSAH secondary to transient peaks in systolic blood pressure.\[[@ref51][@ref52]\] Excessive alcohol consumption is identified as a significant problem linked to rural health outcome.\[[@ref23][@ref53]\] Alcohol is difficult to associate with aSAH given differing definitions, the questionable reliability of self-reporting as well as the transient effects of alcohol in terms of short- and long-term harm. Despite this, excessive alcohol consumption and/or daily intake of alcohol is associated with post aSAH complications, including an increased risk of mortality.\[[@ref41][@ref49]\]

Timely treatment {#sec2-5}
----------------

Delayed and/or misdiagnosis, prolonged transfer times and inter-hospital transfers are key predictors of outcome following an aSAH.\[[@ref54][@ref55][@ref56][@ref57][@ref58][@ref59][@ref60]\] However, little is known relating the impact of rurality and health access as a direct determinant of outcome post aSAH.\[[@ref61]\] Regional disparities have been linked to distance from emergency services with Murata and Matsuda\[[@ref62]\] claiming that increased distance to hospital is associated with a significant risk of mortality following an aSAH. A broader view of explanations for health outcome differences associated with timely treatment includes access to neurosurgical expertise, presenting symptom recognition and triage, delayed/missed diagnosis, and inter-hospital transfers.

Rural emergency departments lack the experience and resources required to manage an aSAH.\[[@ref63][@ref64]\] Access to neurosurgical services is linked with improved outcomes following an aSAH,\[[@ref55][@ref56]\] but in small rural hospital initial evaluation and a critical period of stabilization will likely occur in the emergency department without this expertise. An increased availability of diagnostic imaging is also suggested to have a positive impact on the diagnosis of aSAH.\[[@ref65][@ref66]\] However, within rural and regional hospitals, this availability does not always include appropriate radiologist services with experience in interpreting cerebral imaging.\[[@ref67]\] Physician led, rather than radiologist led, interpretation of imaging has previously been identified as a leading cause of diagnostic errors in emergency settings.\[[@ref68]\]

An estimated 12--50% of aSAH are misdiagnosed.\[[@ref57][@ref58][@ref59]\] Failure to recognize and appropriately triage, the classical headache presentation of an aSAH is associated with poor outcomes and increased mortality.\[[@ref69][@ref70]\] Diagnosing aSAH is a clinical challenge, given its rarity the odds of misdiagnosis significantly increase in smaller centers where medical staff may not have ever encountered an aSAH.\[[@ref30][@ref61]\] Individuals who present with mild symptoms are the most likely to be misdiagnosed;\[[@ref71]\] yet sadly these are the individuals most likely to benefit from timely treatment.\[[@ref69]\]

Inter-hospital transfers are also associated with increased complications with adverse events occurring in up to one-third of inter-hospital transfers.\[[@ref55][@ref56][@ref60]\] Despite this inter-hospital transfers are vital to access neurosurgical services that are not offered in smaller and rural hospitals.\[[@ref54]\] The majority of inter-hospital transfers occur during a time of medical instability. Despite an estimate of 2% risk of death during transfers,\[[@ref72]\] consideration of the imminent need for neurosurgical interventions and the potential for improved outcomes make transfers likely from rural and regional areas.

Covariates {#sec2-6}
----------

Independently identified predictors of outcome following an aSAH must also be included as part of the model. These covariates are consistent across geographical locations and are fundamental to the severity of outcome following an aSAH. Older age, male sex, aneurysm size, and the severity of the initial bleed have been previously identified as predictors of outcome following an aSAH.\[[@ref55][@ref73]\] These identified demographic and clinical covariates will be simultaneously considered when fitting the data and analyzing the final model. Females face an increased risk of aSAH, yet the prevalence of modifiable risk factors and poor outcomes is higher in men.\[[@ref74]\] Older age is identified as a predictor of poor outcome, perhaps reflecting the resilience of younger individuals and a superior ability for recovery posttraumatic events.\[[@ref44][@ref75]\] Larger aneurysms, particularly those \>10 mm, are associated with poor outcomes;\[[@ref76][@ref77]\] however, the epidemiology of aneurysm size is relatively unknown. A clinical presentation including the presenting level of consciousness and the severity of initial symptoms is identified as the most important predictor of outcome following an aSAH.\[[@ref76][@ref77][@ref78]\] The inclusion of these identified covariates is fundamental for controlling bias and reducing the residual variance when analyzing the data.\[[@ref79]\]

Discussion {#sec1-4}
==========

From this review, a conceptual framework of rural vulnerability has been developed, including the predictors of socioeconomic characteristics, modifiable risk factors, and timely treatment as well as identified covariates \[[Figure 1](#F1){ref-type="fig"}\]. From these three predictors, a number of individual factors are identified as influencing the outcome. Socioeconomic factors include health insurance status, health literacy (particularly symptom recognition) as well as indicators of financial security utilizing health insurance status and the socioeconomic indexes for areas. Identified modifiable risk factors include hypertension, smoking, and alcohol intake. System level predictors associated with timely treatment include access to neurosurgical expertise, missed/delayed diagnosis, the recognition, and triage of individuals and inter-hospital transfers. The proposed conceptual framework also contains a number of paths that illustrate the proposed interrelationships between the predictors.

Following an aSAH, the period of time before the securement of an aneurysm is a modifiable period where decisions and interventions can significantly impact outcome.\[[@ref80]\] There is a significant amount of literature pertaining to outcome post-aSAH, however, there is limited literature linking rurality to outcome. In linking predictors to a conceptual framework of rural vulnerability, explanations of poor outcomes post-aSAH within rural populations can be established. The proposed conceptual framework does not aim to distinguish or differentiate between the causes of delayed/missed diagnosis and treatment. Rather it focuses on the diagnostic process from a regionalized perspective, identifying initial admission location, triage score, and diagnosis process as proposed predictors of outcome following an aSAH.

The proposed predictors linked to outcome reflect a complex web of individual and system differences. This review provides the supporting basis for the proposed hypothesis that outcome following an aSAH is associated with rurality. The identification of the model is crucial to determine whether the model can be feasibly evaluated fundamental to this is the specification of the model. The presented conceptual framework guides the specification of the proposed relationships among the proposed predictors that will guide future analysis of the model.\[[@ref17][@ref18]\] Importantly, SEM does not involve a data-driven analysis rather it is the analysis of a carefully defined conceptual framework that presents hypothesized relationships between the predictors.\[[@ref81]\] This review does not aim to address decision-making related to individual cases; rather it attempts to identify the predictors of outcome linked to rurality, informing the conceptual framework that will underpin SEM impact of the situation, decisions, and interventions to be measured at an aggregate level.

Limitations {#sec2-7}
-----------

From a public health perspective defining the risks for aSAH is important. However, with a relatively low incidence and limited prospective studies, identifying the risk factors is difficult. The majority of studies have been retrospective with clear inclusion and exclusion criteria, with some studies focusing on very selected groups for example, excluding those who died before their hospital admission or shortly after. The second limitation is that the majority of studies has been small and has only included a small number of risk factors, often looking at limited age groups.

Conclusion {#sec1-5}
==========

The complexity of the impact of rurality on outcome following an aSAH can only begin to be understood though a theory testing approach to the study of the predictors associated with outcome following an aSAH. This review highlights the paucity of epidemiological evidence exploring the impact of rurality on outcome following an aSAH. Socioeconomic characteristics, modifiable risk factors, and timely treatment are identified as predictors of outcome following an aSAH, however, the relationship between predictors is complex with intervening predictors potentially mediating the effect of one variable on another. A sound theoretical foundation of the proposed predictors and the hypothesized relationships is fundamental for the future data analysis. To best of our knowledge, this is the first study that will examine the individual factors associated with rurality and the concept of rural vulnerability on time to treatment and severity of outcome following an aSAH.
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